Fingolimod is the first sphingosine-1-phosphate (S1P) receptor modulator approved for the treatment of patients with relapsing forms of MS.^[@R1][@R2][@R3]^ S1P is a bioactive phospholipid that regulates a range of processes, including cell differentiation, cell migration, immunity, and inflammation. Its effects are mediated by the G-protein-coupled receptor subtypes S1P~1--5~, of which S1P~1~, S1P~3~, and S1P~4~ play an important part in lymphocyte egression from lymph nodes.^[@R4],[@R5]^

Fingolimod is a structural analog of sphingosine and, once phosphorylated, is a functional antagonist of receptor subtypes S1P~1,3--5~. The therapeutic effects of fingolimod are presumed to be mediated via S1P~1~ receptors on lymphocytes, where binding leads to receptor internalization and degradation, inhibiting lymphocyte migration from lymph nodes. This mechanism reduces levels of circulating lymphocytes in a dose-dependent manner (mean reduction of approximately 70%).^[@R6][@R7][@R8]^ However, specifically in patients with relapsing-remitting MS, reduced levels of circulating lymphocytes appear not to be a predictor of fingolimod efficacy.^[@R9]^

The redistribution of circulating lymphocytes might lead to an increased incidence of infections. Indeed, while the overall incidences of infection were similar with fingolimod, interferon β, or placebo in phase 3 trials,^[@R7],[@R10],[@R11]^ a small increase in the risk of certain infections (particularly herpes and respiratory tract infections \[RTIs\]) and rare incidences of serious opportunistic infections have been reported with fingolimod in the postmarketing setting.^[@R1][@R2][@R3],[@R5],[@R12],[@R13]^ Here, safety data from INFORMS (a double-blind, randomized, multicenter, placebo-controlled, parallel-group study comparing the efficacy and safety of 0.5 mg fingolimod, administered orally once daily vs placebo in patients with primary progressive MS \[PPMS\]) were assessed to determine whether the reduction of absolute lymphocyte count (ALC) associated with fingolimod treatment correlated with an increased incidence of infection.

Methods {#s1}
=======

Methods for the oral fingolimod in PPMS study (INFORMS; CFTY720D2306; [ClinicalTrials.gov](http://ClinicalTrials.gov) Identifier: NCT00731692) are detailed elsewhere^[@R14]^ and described briefly below. This substudy was designed to evaluate lymphocyte counts and incidences of infections and skin malignancies in patients with PPMS receiving fingolimod 0.5 mg/d, including additional analyses of those who switched from the 1.25 mg/d dose to 0.5 mg/d, or placebo over 5 years during the INFORMS study.

Standard protocol approvals and patient consent {#s1-1}
-----------------------------------------------

INFORMS was conducted in accordance with the International Conference on Harmonization Good Clinical Practice Guideline and the Declaration of Helsinki.^[@R15]^ Each institutional review board of the participating sites approved the protocol. All patients gave written informed consent to take part in the study.

Study design {#s1-2}
------------

This randomized, multicenter, double-blind, placebo-controlled, parallel-group, phase 3 study was conducted at 148 centers in 18 countries. Patients were enrolled from September 3, 2008 to August 30, 2011.

Patients {#s1-3}
--------

Inclusion and exclusion criteria for INFORMS were reported.^[@R14]^ In brief, patients enrolled in the trial were 25 to 65 years old and had a clinical diagnosis of PPMS according to the 2005 revised McDonald criteria (i.e., they had 1 year or more of disease progression and met 2 of the following criteria: brain lesion confirmed by MRI, spinal cord lesion confirmed by MRI, or evidence of elevated intrathecal synthesis of gamma-immunoglobulins in CSF).^[@R16]^ In the original study protocol, varicella zoster virus (VZV) immunoglobulin G (IgG) status was not part of the inclusion/exclusion criteria. A later protocol amendment was included to exclude participants negative for VZV IgG antibodies at screening; this is in line with the prescribing guidance in both the US and Europe.^[@R1],[@R2]^ The final randomized set included one patient in the placebo group (1/480 \[0.2%\]) and none in the fingolimod (0/330) group testing negative for VZV IgG.

Randomization {#s1-4}
-------------

Patients were randomly assigned (1:1) to receive either daily oral fingolimod or placebo.^[@R14]^ All randomized drug assignments remained masked to patients, investigators, people performing the assessments, and data analysts for the entire double-blind treatment period (at least 36 months and up to 5 years). Treatment codes were accessible only to members of the data and safety monitoring board, which was independent of the study sponsor and not otherwise involved in the study.

Patients were initially assigned to receive fingolimod 1.25 mg/d or placebo (cohort 1). After the decision to select the 0.5 mg/d dose of fingolimod for submission to regulatory authorities and to discontinue development of fingolimod 1.25 mg/d, the protocol was amended on November 19, 2009. At this point, allocation of patients to the 1.25 mg/d cohort was stopped, and those receiving that dose of fingolimod were switched in a masked manner to fingolimod 0.5 mg/d; those assigned to placebo continued on placebo. Patients enrolled after the protocol amendment were randomly allocated to receive fingolimod 0.5 mg/d or placebo (cohort 2). During follow-up, treatment was interrupted in patients who had a confirmed ALC below 0.2 × 10^9^/L at any visit (2 weeks, 1, 2, and 3 months after randomization, and every 3 months thereafter). In such patients, the ALC was subsequently monitored monthly, and fingolimod was reinitiated when the ALC reached 0.6 × 10^9^/L or higher.

Outcomes {#s1-5}
--------

The primary analysis in this study was performed to evaluate lymphocyte counts and compare the incidences of all infections and skin malignancies in patients who exclusively received fingolimod 0.5 mg/d with those who received placebo for up to 5 years. Incidences of individual RTIs, herpes infections, and other types of infection in both groups were also assessed separately. In the fingolimod 0.5 mg/d group, results were stratified by patient nadir and mean ALC. A secondary analysis was performed to assess the incidences of infections in patients in cohort 1 who received fingolimod 1.25 mg/d and patients who switched from the 1.25 mg/d to fingolimod 0.5 mg/d. Additional analyses included evaluation of cumulative infectious event rates over time using Kaplan--Meier analyses, and logistic analyses to assess the potential effects of corticosteroid use, baseline Expanded Disability Status Scale (EDSS) score, and age on risk of infection, as well as discontinuation rates among patients receiving fingolimod.

Statistical analyses {#s1-6}
--------------------

Numbers and incidences of infection-related adverse events (AEs) in the fingolimod treatment groups (overall, and by nadir and mean ALC) and the placebo group are reported. Incidences of infections were calculated per 100 patient-years, based on a summation of the number of patients who experienced infection events and the total patient exposure occurring between the date of first dose of study drug or placebo, and up to 45 days after the last dose or up to February 28, 2017, whichever was the earlier. By including a period of up to 45 days after the final dose, the reported AE data should capture all treatment-related AEs. Overall, this allows for the long-term assessment of infection rates in patients with PPMS.

Data availability {#s1-7}
-----------------

Anonymized data not published within this article will be shared by request from any qualified investigator.

Results {#s2}
=======

In total, 970 patients were randomized to receive fingolimod 1.25 mg/d (n = 147) or placebo (n = 133) in cohort 1, and fingolimod 0.5 mg/d (n = 336) or placebo (n = 354) in cohort 2. Thus, 336 patients received fingolimod 0.5 mg/d (cohort 2), and 487 patients received placebo (cohorts 1 and 2) and were included in the primary analysis. Baseline characteristics of patients included in the primary analysis (i.e., patients who exclusively received fingolimod 0.5 mg/d or placebo) were similar ([table 1](#T1){ref-type="table"}).

###### 

Patient demographics and clinical characteristics at baseline

![](NEURIMMINFL2018018770t1)

Patients receiving fingolimod 0.5 mg/d were followed up for a median of 3.1 years (1,123.5 days; range 20--1,612 days; total exposure 908.1 patient-years), and those receiving placebo were followed up for a median of 3.2 years (1,166.0 days; range 1--1860 days; total exposure 1,423.5 patient-years). In patients who received fingolimod 0.5 mg/d, mean ALC decreased by approximately 70% in the 2 weeks following treatment initiation and remained stable throughout the study (mean ALC 0.5 × 10^9^/L; SD 0.3; [figure 1A](#F1){ref-type="fig"}). The proportion of patients with ALC falling below the threshold for drug interruption (\<0.2 × 10^9^/L) did not increase with duration of fingolimod exposure. After 2 months of treatment, between 2.5% and 6.8% of patients had ALC below 0.2 × 10^9^/L at any visit. This proportion remained stable throughout the study ([figure 1B](#F1){ref-type="fig"}). Only one of the 336 patients who received fingolimod 0.5 mg/d (0.3%) discontinued fingolimod for the duration of the trial because of reduced ALC. In the 3 months following fingolimod discontinuation, the mean ALC recovered to 1.4 × 10^9^/L (SD 0.6), which is approximately 75% of the mean baseline value (figure e-1 [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)).

![On-study ALC\
(A) Mean ALC during follow-up in patients who received fingolimod 0.5 mg/d or placebo. (B) Proportion of patients with ALC \<0.2 × 10^9^/L in the fingolimod 0.5 mg/d group. Error bars represent SD. ALC = absolute lymphocyte count.](NEURIMMINFL2018018770f1){#F1}

The frequencies of infections and infestations were similar for those receiving fingolimod 0.5 mg/d and placebo ([figure 2](#F2){ref-type="fig"}). Most patients reported 2 or fewer infections: 73.8% of patients (248/336) receiving fingolimod 0.5 mg/d and 71.0% of patients (345/486) receiving placebo. The proportions of patients who did not experience any infections were almost identical in the fingolimod 0.5 mg/d and placebo groups (31.8% \[107/336\] and 31.3% \[152/486\], respectively). The proportions of patients reporting 10 or more infections were also similar for fingolimod 0.5 mg/d (1.8% \[6/336\]) and placebo (2.7% \[13/486\]). There was no trend in the number of infections when data for the fingolimod 0.5 mg/d group were stratified by nadir ALC.

![Frequencies of infections and infestations\
Proportions of patients experiencing from 0 to 10 or more infections and infestations in the groups receiving fingolimod 0.5 mg/d (stratified by nadir ALC) and placebo. ALC = absolute lymphocyte count.](NEURIMMINFL2018018770f2){#F2}

Incidences of all infections, RTIs, and herpes infections are shown in [figure 3](#F3){ref-type="fig"}. Overall, incidences for all infections and RTIs were similar in the fingolimod 0.5 mg/d and placebo groups (53.6 vs 51.9 infections per 100 patient-years and 16.4 vs 18.1 RTIs per 100 patient-years, respectively). Similarly, the incidence of herpes infections (including oral herpes, herpes simplex, herpes zoster, herpes zoster meningomyelitis, genital herpes, neurologic herpes, ophthalmic herpes simplex, and ophthalmic herpes zoster) was the same in both groups (2.5 herpes infections per 100 patient-years). No cases of serious opportunistic infections, such as progressive multifocal leukoencephalopathy, disseminated varicella, and cryptococcal infections, were reported in either group. No associations between nadir or mean ALCs and incidence of infections were observed ([figure 3, A and B](#F3){ref-type="fig"}, respectively).

![Incidences of all infections, RTIs, and herpes infections\
Incidences of all infections, RTIs, and herpes infections in patients receiving fingolimod 0.5 mg/d stratified by (A) nadir ALC and (B) mean ALC (left-hand side). The right-hand side shows the overall incidences in patients receiving fingolimod 0.5 mg/d or placebo. The y-axis scale break in (B) is to include the large intervals for ALC \<0.2 × 10^9^/L, owing to data being available for only 2 patients in this group. ^a^Includes viral and other upper and/or lower RTIs. ^b^Includes oral herpes, herpes simplex, herpes zoster, herpes zoster meningomyelitis, genital herpes, neurologic herpes, ophthalmic herpes simplex, and ophthalmic herpes zoster. Error bars represent 95% CI. ALC = absolute lymphocyte count; RTI= respiratory tract infection.](NEURIMMINFL2018018770f3){#F3}

The incidences of different infection types reported by at least 2% of patients in the fingolimod 0.5 mg/d and/or the placebo group during the follow-up period (from administration of the first dose of study drug or placebo to 45 days after the last dose or up to February 28, 2017, whichever was the earlier) are shown in [table 2](#T2){ref-type="table"}. The most common infections in patients who received fingolimod 0.5 mg/d were urinary tract infections (5.7 per 100 patient-years), upper RTIs (4.2 per 100 patient-years), and influenza (3.2 per 100 patient-years). Incidences for these infections were similar in patients who received placebo (5.9, 4.2, and 3.1 per 100 patient-years, respectively), as well as across nadir ALC subgroups of those receiving fingolimod 0.5 mg/d. Incidences of other types of infections were similarly low in the fingolimod 0.5 mg/d and placebo groups.

###### 

Number and incidence of infections in the fingolimod 0.5 mg/d and placebo groups
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A few patients who received fingolimod 0.5 mg/d had a low white blood cell count (≤2 × 10^9^/L; n = 11), a low absolute neutrophil count (≤1 × 10^9^/L; n = 2), or both a low white blood cell count and a low ALC (≤2 × 10^9^/L and \<0.2 × 10^9^/L; n = 4) at any visit. The incidences of any infections were higher in these subgroups (100.0, 220.0, and 178.2 per 100 patient-years, respectively; table e-1, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)) than in the overall population of patients who received fingolimod 0.5 mg/d (53.6 per 100 patient-years). Since these patient numbers were small (n = 17, in all), these findings should be interpreted with caution.

In the 147 patients in cohort 1 who received fingolimod 1.25 mg/d, incidences of all infections (87.8 per 100 patient-years), RTIs (30.5 per 100 patient-years), and herpes infections (3.3 per 100 patient-years) were nominally higher than those observed in patients who received fingolimod 0.5 mg/d or placebo (figure e-2, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)). When the incidence data for patients who received fingolimod 1.25 mg/d were stratified by mean or nadir ALC, no association was seen between incidences of infection and ALC subgroups. Overall, analysis of Kaplan--Meier plots of cumulative event rate data for time to first infection were similar among patients receiving fingolimod 0.5 mg/d or placebo (figure e-3, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)).

In a logistic regression analysis of infection risk after adjustment for treatment and administration of systemic corticosteroids, no differences were observed between treatment groups, indicating that patients treated with fingolimod are not at elevated risk of infection. There was, however, a possible association between risk of infection and the use of systemic corticosteroids, independent of fingolimod treatment (odds ratio 1.76 \[95% CI: 1.22; 2.53\]; *p* = 0.0024). Similarly, there were no treatment effects on risk of infection according to age and baseline EDSS score, although baseline EDSS score itself may be associated with increased risk of infection (*p* = 0.0126). This was not the case for age (*p* = 0.7003).

Analysis of infection rates among patients who switched from fingolimod 1.25 to 0.5 mg/d showed that there were no differences in the pattern of infections when stratified by nadir ALC (table e-2, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)). The same observation was made when infection rates were stratified by mean ALC (table e-3, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)).

Overall, rates of discontinuation owing to infections were low and similar between treatment groups: 5/336 (1.5%) patients receiving fingolimod discontinued, and 6/487 (1.2%) patients receiving placebo discontinued.

Rates of skin malignancies were similar across all stratifications by mean or nadir ALC (table e-4, [links.lww.com/NXI/A144](http://links.lww.com/NXI/A144)). Incidence stratified by mean ALC ranged between 0% and 6.3% for basal cell carcinoma, 0% and 1.1% for malignant melanoma, 0% and 4.5% for squamous cell carcinoma of the skin, and 0% and 6.7% for any skin cancer. Similar results were obtained when data were stratified by nadir ALC, and there was no association between incidence of skin malignancy and ALC count.

Discussion {#s3}
==========

Although the INFORMS study did not demonstrate efficacy in relation to its primary endpoint (time to 3-month confirmed worsening on a composite disability outcome measure),^[@R14]^ this long-term, placebo-controlled trial in patients with PPMS provides valuable insight into the safety profile of fingolimod and the effect of long-term exposure to the drug. Notably, this study also provided data for the incidence of infections in an MS population that may be at increased risk of infections owing to older age and disease severity compared with patients with relapsing forms of MS.^[@R17][@R18][@R19]^

At the fingolimod dose of 0.5 mg/d, approved by the US Food and Drug Administration and the European Medicines Agency for the treatment of relapsing forms of MS,^[@R1],[@R2]^ fingolimod-related reductions in ALC were not associated with an increased incidence of all infections, upper RTIs, herpes infections, or influenza infections when compared with placebo treatment. The incidences of other types of infections were similarly low with fingolimod 0.5 mg/d and placebo. No serious opportunistic infections were observed during the study. Fingolimod-associated reductions in mean ALC remained stable for over 4 years of treatment, with no new safety signals relating to reduced lymphocyte count. Recovery toward baseline ALC was seen in the 3 months following fingolimod discontinuation. In addition, there was no apparent association between patient nadir or mean ALC and the incidence of infection-related AEs. However, because patients with ALC falling below the threshold of 0.2 × 10^9^/L discontinued study drug until ALC counts increased to 0.6 × 10^9^/L, the risk of infection for fingolimod-treated patients with ALC less than 0.2 × 10^9^/L cannot be adequately assessed using data from this study. In the PREFERMS study,^[@R20]^ the threshold for study drug discontinuation was lowered to 0.1 × 10^9^/L, and no new infectious complication signals were identified. While there is no specific recommendation in the US prescribing information to stop or modify fingolimod treatment based on predefined ALC levels, patients with ALC levels in the range 0.1--0.2 × 10^9^/L had their treatment interrupted.^[@R1],[@R21]^ In the US prescribing information, ALC ranges for reinitiation of fingolimod are also not specified.^[@R1]^ Instead, physicians in the US are advised to monitor patients for infections, as fingolimod may increase the risk of serious and life-threatening infections. By contrast, in Europe, interruption of fingolimod treatment is recommended when ALC counts are less than 0.2 × 10^9^/L, until recovery of lymphocyte levels.^[@R2]^

Compared with the participants in other fingolimod phase 3 trials,^[@R7],[@R10],[@R11]^ patients in the INFORMS study were, on average, approximately 10 years older and may therefore have been at a greater risk of infection. In the present study, the rate of any infection or infestation in the fingolimod group was similar to that in the placebo group (68.2% vs 68.6%). Other studies in PPMS have also shown similar rates of infection between active treatments and placebo (where reported), including those evaluating immunosuppressant therapies, such as ocrelizumab (ORATORIO: ocrelizumab, 71.4%; placebo, 69.9%)^[@R22]^ and rituximab (OLYMPUS: rituximab, 68.2%; placebo, 65.3%)^[@R23]^; as would be expected, those for glatiramer acetate were lower (PROMiSe: glatiramer acetate, 33.3%; placebo, 39.2%).^[@R24]^ Thus, the overall infection rates in INFORMS compare favorably with those reported in the other trials; however, any cross-study differences should be interpreted with caution.

The incidences of all infections, RTIs, and herpes infections were somewhat higher in patients who received fingolimod 1.25 mg/d than in those who received fingolimod 0.5 mg/d or placebo. This was expected, because similar results were reported in the phase 3, active-controlled trial of fingolimod in patients with relapsing-remitting MS.^[@R11]^ While the slight increase in infection rates with fingolimod 1.25 mg/d is not pertinent, because only the 0.5 mg/d dose is approved,^[@R1],[@R2]^ it is interesting to note that the higher infection rate could not be correlated with lower ALC. This result suggests that, even at higher doses, there is no apparent link between infection rates and the magnitude of ALC reduction.

It should be noted that the INFORMS study recruited patients diagnosed with PPMS. While it may be assumed that findings from this MS subpopulation are also relevant to the general MS population, the infection rate results for patients with PPMS who received fingolimod 0.5 mg/d in the INFORMS study contrast somewhat with previous findings in patients with relapsing forms of MS.^[@R7],[@R13],[@R25],[@R26]^ In the FREEDOMS study, lower RTIs (including bronchitis and pneumonia), but not upper RTIs or influenza infections, were more common in patients receiving fingolimod 0.5 mg/d than in those receiving placebo (lower RTIs: 9.6% vs 5.6%, respectively).^[@R7]^ Moreover, herpes zoster infections were rare in clinical trials,^[@R25]^ but more common in patients receiving fingolimod 0.5 mg/d than in those receiving placebo (1.6% vs 1.0%, respectively),^[@R25]^ which is consistent with rates of herpes zoster infections observed for fingolimod in the postmarketing setting (7 per 1,000 patient-years).^[@R26]^ Finally, it should be noted that although no rare but serious opportunistic infections such as cryptococcal meningitis, disseminated varicella, and progressive multifocal leukoencephalopathy were reported in the INFORMS study, cases have been reported in fingolimod-treated patients in the postmarketing setting.^[@R1]^

It is conceivable that factors other than low lymphocyte count could be associated with an increased risk of infection, such as low white blood cell count or low neutrophil count. However, significant leukopenia or neutropenia is rare with fingolimod. Indeed, the low number of patients with leukopenia or neutropenia in INFORMS precluded a definitive analysis, and suitably powered studies would be needed to determine whether there is a significantly increased risk of infection among these subjects. Further studies would be needed to investigate what factors, whether related to treatment, treatment history, or demographics of patients, could potentially be associated with an increased risk of infection in patients with MS.

In this analysis of safety data from the INFORMS study for up to 5 years, the incidence of infection-related AEs in patients with PPMS receiving fingolimod 0.5 mg/d was not greater than in those receiving placebo, and no new safety signals related to reduced ALC were reported. There was no apparent relationship between nadir or mean ALCs and the incidence of all infections, RTIs, or herpes infections. These results suggest that the small increase in the risk of certain infections reported with fingolimod in the postmarketing setting may not be associated with low circulating lymphocyte counts. Further studies may help to elucidate the biological/immunologic mechanisms underlying this phenomenon.
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AE

:   adverse event

ALC

:   absolute lymphocyte count

EDSS

:   Expanded Disability Status Scale

IgG

:   immunoglobulin G

PPMS

:   primary progressive multiple sclerosis

RTI

:   respiratory tract infection

S1P

:   sphingosine 1-phosphate

VZV

:   varicella zoster virus
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